Objective: To assess fat distribution in non-obese Japanese children and adolescents. Design: 130 non-obese Japanese children (73 boys and 57 girls) from Kikugawa, Hamamatsu were included. The visceral fat area (VFA) and subcutaneous fat area (SFA) were measured by computed tomography (CT) and calculated (in cm 2 ). Subjects were divided into three groups based on age: group A (6-10 years), group B (11-15 years), and group C (16-20 years). Results: Girls had more subcutaneous fat than boys in groups B and C (P<0.01). Boys had an agedependent increase in visceral fat, but girls did not. In group C (16-20 years), boys had more visceral fat than girls (P<0.01). Conclusions: In non-obese Japanese children, there are significant differences in visceral and subcutaneous fat amounts by age and sex. VFA seems to accumulate more in boys than in girls, and SFA is more prevalent in girls than boys.
INTRODUCTION
Risk factors for coronary heart disease (CHD), such as hypertension, dyslipidemia, impaired glucose tolerance, and vascular abnormalities, are
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Eiichiro Satake satabow@hama-med.ac.jp already present in overweight children [1] [2] [3] [4] . In Japan, the metabolic syndrome (MS) is one of the most important problems in school-age children. Hara reported the change in the annual prevalence of MS in Japanese children aged 9-13 years. They used percent overweight, which is commonly used in Japan instead of BMI, to assess obesity. In Japan, children who are ≥20% overweight are classified as obese. In this study, the overall prevalence of MS increased from 0.9% to 1.4 % from 1992 to 2002 5 . Visceral fat is a strong, independent predictor of all-cause mortality in men 6 . The accumulation of visceral fat seems to be associated with an increased risk of hypertension, diabetes mellitus, hyperlipidemia, and atherosclerosis in adults. Associated with a 3-fold and 2-fold increase in type 2 diabetes and cardiovascular disease (CVD), respectively, it is thought to be a driver of the modern day epidemics of diabetes and CVD, and it has become a major public health challenge around the world 7 . There have been some studies of visceral adipose tissue (VAT) in obese children, but little is known about normal-weight Japanese children. This study was undertaken to assess the regional fat distribution of 6-to 20-year-old, nonobese Japanese children and adolescents by CT scanning.
PATIENTS AND METHODS

Subjects
Overall, 130 non-obese Japanese children and adolescents (73 boys and 57 girls) were investigated at Hamamatsu University School of Medicine, Kikugawa General Hospital, and Ensyu General Hospital, Japan from April 2002 to October 2006. Their ages ranged from 6 to 20 years (Table 1) . Since there are no reliable criteria for BMI percentiles in Japanese children, the percent overweight (POW) criteria for obesity in childhood adopted by the Ministry of Health, Labor and Welfare in Japan were used. A child was considered to be non-obese when the body weight was below 120% of the standard body weight, which is defined as the mean body weight corresponding to the height for that age obtained from national statistics for Japanese school children in 2000. Abdominal fat (visceral and subcutaneous) area was measured at the umbilical level on CT and calculated (in cm 2 ) with CT image analysis software (Fat Scan, N2 System, Hyougo, Japan) 8, 9 . All scans were analyzed by the same investigator. The subjects were divided into three age groups: group A (6-10 years), group B (11-15 years), and group C (16-20 years).
The reasons for undergoing CT scanning were possible appendicitis, abdominal injury, and acute enteritis. No patient had any endocrine or metabolic disorders; no patients had precocious puberty or delayed puberty. Informed consent was obtained from all patients.
Statistics
The values of the parameters are expressed as mean ± SD, and they were compared among the groups using a nonparametric test. Differences in body composition were compared using two-way analysis of variance. A two-sided P value less than 0.05 was considered statistically significant. These analyses were performed using StatView (version 5.0 for Windows, SAS Institute, Cary, NC, USA). Figure 1 shows waist circumference by age group and sex. Waist circumference was 55.4 ± 5.1 cm, 67.7 ± 7.5 cm, and 75.9 ± 5.6 cm in male groups A, B, and C, respectively, and 55.4 ± 6.9 cm, 72.5 ± 4.9 cm, and 73.7 ± 4.3 cm in female groups A, B, and C, respectively.
RESULTS
Relationship between visceral fat area and age is shown in Figure 2 . Visceral fat area was 12.1 ± 3.7 cm 2 , 21.0 ± 9.3 cm 2 , and 25.8 ± 8.4 cm 2 in male groups A, B, and C, respectively, and 15.2 ± 5.5 cm 2 , 19.1 ± 7.4 cm 2 , and 18.7 ± 7.1 cm 2 in female groups A, B, and C, respectively. Figure 3 demonstrates the correlation between age and subcutaneous fat area by sex. Subcutaneous fat area was 31.6 ± 20.6 cm 2 , 45.5 ± 25.7 cm 2 , and 54.5 ± 36.0 cm 2 in male groups A, B, and C, respectively, and 44.9 ± 30.0 cm 2 , 92.3 ± 34.8 cm 2 , and 106.7 ± 35.4 cm 2 in female groups A, B, and C, respectively. 
DISCUSSION
The purpose of this study was to examine the pattern of abdominal fat accumulation in nonobese Japanese children. It is the first report about fat distribution in non-obese Japanese children and adolescents.
Obesity and metabolic syndrome are listed as one of the most pressing medical topics. We have reported not only clinical aspects of the weight problem 10, 11 , but also pathophysiology of the disorders on the basis of endocrinological analyses [12] [13] [14] [15] [16] [17] [18] [19] . Waist circumference (WC), not body mass index (BMI), is a factor in the definition of metabolic syndrome in adults 20, 21 . WC is also significantly correlated with total and abdominal fat and insulin sensitivity in children and adolescents. The visceral fat area (VFA) is the best predictor of abnormal values of alanine aminotransferase (ALT), triglyceride (TG), and insulin, and waist circumference has been shown to be a useful surrogate for the VFA. The critical values for the VFA and waist circumference were approximately 60 cm 2 and 80 cm, respectively, in obese Japanese boys 22 . Compared to BMI, waist circumference is an even better predictor of cardiovascular disease risk factors 23 . Visceral abdominal fat tissue (VAT) is considered to play a central role in the pathogenesis of the metabolic syndrome 24 and is strongly linked to insulin resistance in adults 25 . Even in children, the strong relevance of visceral fat accumulation to dyslipidemia and hyperinsulinemia has been recognized 26 . Regardless of race, visceral fat was consistently higher in men than in women [27] [28] [29] , but the time of life when such differences first appear remains obscure. The differences in the accumulation and distribution of fat between men and women are not apparent at birth [30] [31] [32] but are consistently present in adolescents [33] [34] [35] [36] [37] [38] . Visceral fat accumulates with age and is greater in men and more obese individuals [39] [40] [41] . Asian children appear to carry more risk of VAT accumulation at lower body fatness than Caucasians 42 . Thus, mild obesity may have a greater impact on the health problems of Japanese children than of Caucasian children. African-American children have less VAT than Caucasian children, and gender differences in VAT become more apparent after adolescence 43 . The present results showed that there are significant age and sex differences in VFA in nonobese children. In the present study, boys had an age-dependent increase in visceral fat, but girls did not. VFA was higher in boys than in girls in group C (16-20 years) (P<0.01), but not in group A (6-10 years). Goran reported that, in the prepubertal stage, VAT was higher in girls than in boys and higher in Caucasian than in African children 44 . Thus, there are racial differences between Japanese and Caucasian children. The present results showed that, after 15 years of age, visceral fat accumulation was more prevalent in boys than in girls.
There have been some reports of racial differences in SAT. Absolute subcutaneous abdominal adipose tissue (SAAT) was higher in girls than in boys and tended to be higher in Caucasian than in African-American children 44 .
Malina et al. reported that adolescent Asian girls had more trunk subcutaneous fat than Caucasian girls 45 . The present results showed that subcutaneous fat accumulation was more prevalent in girls than in boys after 10 years of age.
Several sex hormones are known to affect regional fat deposition, and this could explain the sex differences. The demonstration by Klein et al. 46 that prepubertal girls had greater levels of circulating E2 than prepubertal boys suggests a role for gonadal steroids in the subtle sex differences in fat patterning observed in this study. Recent reports have shown that gonadotropins and gonadal steroids increase gradually from 5 years of age in prepubertal children, implying that their effects may be more evident in older than in younger prepubertal children [47] [48] [49] . Other hormones with putative roles in body fat distribution include leptin and GH, which have distinct but interrelated diurnal patterns, but are also influenced by gonadal steroids 50 . It has been reported that physical activity has a significant influence on total body composition in early childhood 51 . It has also been reported that the increase in visceral adipose tissue is significantly less in children who exercise than in children who do not 52 . There is evidence that boys are more active than girls, both prepubertally 53, 54 and later 55 . Gender differences in energy intake have also been noted in young children 56 . There are some potential limitations to this study. First, it is possible that the single-slice CT scan at the umbilicus did not equally represent abdominal fat distribution in both sexes. Conway et al. 57 mentioned that the umbilicus is traditionally used as a physical landmark for assessment of abdominal fat distribution, although it is not always coincident with that in the L4-L5 region, and sex differences in visceral fat are actually more pronounced at the L2-L3 region. Thus, multiple-slice scanning may be necessary to fully examine sex differences in fat distribution within the abdomen. Second, the study sample was not a healthy sample. The subjects underwent CT scanning for possible appendicitis, abdominal injury, and acute enteritis. All of these potential disease conditions may potentially influence the anatomy and motility of the abdominal organs and, therefore, influence the quantification of visceral adipose tissue. Furthermore, it is likely that the subjects were post-selected so that there might be other undiscovered, underlying conditions. Third, there is also a lack of pubertal status information, which is known to be a key factor in determining fat distribution. The lack of pubertal status information can further confound the data.
In conclusion, the present study demonstrates that sex differences in body fat distribution are present after 10 years of age in non-obese Japanese children. The present findings need to be confirmed in a larger sample, and we should carefully consider changes in fat distribution between pre-and post-puberty in males and females. These findings emphasize the importance of sex-and race-specific interpretation of body composition results to define phenotypes and the need for further studies to explore their particular associations with health risks.
